Mutations in the connexin 26 (CX26)/gap junction beta-2 (GJB2) gene are the 16 most frequent cause of hereditary deafness worldwide. Using mouse induced pluripotent 17 65 followed by an adherent culture [26]. 66 SFEBq culture is superior for generating ectoderm-derived tissues, which can give 67 rise to forebrain, midbrain, adenohypophysis, retinal tissue, and otic sensory 68 epithelia [29, 38,[40][41][42][43][44][45]. Furthermore, in SFEBq culture, ectodermal tissues develop in 69 an epithelial form similar to that in in vivo counterparts. 6 70 However, to use these cells as a disease model for drug screening or other large-scale 71 assays, the cell culture system must be improved to increase the number of cells 72 available at a single time. Our previous research suggested that CX26 expressing 73 vesicles formed in day 7 aggregate are the origin of CX26-GJP-forming cells in the 2D 74 culture [26]. If CX26 small vesicles in SFEBq culture from ES/iPS cells could be 75 obtained in a substantial quantity, we could obtain an adequate number of 76 CX26-GJP-forming cells in the 2D culture.
(10 ng/ml, final concentration), SB (1-10 μM, final concentration), or both factors at the 126 aforementioned concentrations. BMP4 and SB stock solutions were prepared at 5× concentration in fresh 142 medium. On days 7-11, the aggregates were semi-dissected and the small vesicles were 143 mechanically isolated and collected using forceps. The small vesicles were transferred 144 into adherent culture containing TRICs in the growth medium, which was composed of 145 DMEM GlutaMAX (Gibco) and 10% (w/v) FBS. 146 TRICs were generated by exposing cochlear tissue to trypsin and screening for were collected on day 7 and mRNA (Gjb2 and Gjb6) levels in the different culture 207 groups were measured. BMP4 and BMP4/SB treatments produced more Gjb2/Gjb6 208 mRNA than SB and control cultures ( Fig 1B) . BMP4 is a factor that induces Gjb2/Gjb6 209 mRNA expression during iPSC differentiation [26] . In addition, ESCs cultured in 210 differentiation medium supplemented with BMP4 and SB showed greater expression 211 levels of mRNA (Gjb2, 1.8-fold greater; Gjb6, 1.7-fold greater) compared with the 212 BMP4 alone group. with a morphology similar to that reported previously [26] . Clear outer epithelia and 218 small vesicles were observed beneath the outer epithelium of BMP4/SB-treated cells.
219
By contrast, no small vesicles were observed for the control or SB-treated cells (Fig 2A, were compared among the different treatment groups ( Fig 2B) . Cells treated with BMP4/SB had more CX26+ vesicles (mean = 5.08 ± 0.28) 238 than cells cultured only with BMP4 (mean = 1.6 ± 0.16). CX26+ vesicles were found to 239 exist separately from the BMP4/SB-treated aggregates ( Fig 3A and 3B ), suggesting that 240 they could be easily isolated. Numerous CX26+ vesicles were mechanically collected as 241 a purified CX26GJC population ( Fig 3C) . In the confocal analysis of the BMP4/SB-treated day-7 aggregates, 17 252 CX26-expressing cells were disseminated throughout the numerous CX26+ vesicles 253 ( Fig 4A and S1 Video) . These cells formed CX26-positive GJs at their cell-cell borders 254 ( Fig 4B) . In the 3D construction of the confocal images, we observed large planar 255 CX26-containing GJPs (Fig 4C and S2 Video) Fig 5D) . To assess the similarities between these cells and cochlear cells, we 278 characterized the expression of CX30, which is frequently absent in hereditary deafness.
279
CX30 co-localized with CX26 in most CX26-GJPs in the differentiated cells ( Fig 5E-280 H), suggesting that CX26 and CX30 were the two main components of these GJPs, as 281 was found for cochlear cells [26] . μM, SB-treated aggregates showed greater expression level of Gjb2 mRNA (BMP4/SB 307 5 μM, 1.7-fold greater; BMP4/SB 10 μM, 1.7-fold greater) compared with the 308 BMP4/SB 1 μM. The expression level of Gjb6 did not differ depending on the 309 concentration of SB ( Fig 6A) . In the SB alone group, there was no difference in the 310 expression level of Gjb2/Gjb6 depending on the concentration of SB (S1A Fig) .
311
Thereafter, we determined the number of CX26 positive vesicles in day 7 aggregates by 312 immunohistochemistry. In BMP4 and SB combination, 5 μM and 10 μM, SB-treated 313 aggregates showed greater numbers of CX26+ vesicles (BMP4/SB 5μM, 1.5-fold 314 greater; BMP4/SB 10μM, 1.3-fold greater) compared with the BMP4/SB 1μM ( Fig 6B) . 315 Conversely, in the SB alone group, there was no difference in the number of small 316 vesicles depending on the concentration of SB (S1B Fig) . differentiation potential than iPSCs. 345 We found that BMP4/SB treatment resulted in significantly greater production of 346 CX26+ vesicles (Fig 2A and 2B) and significantly greater amount of Gjb2 and Gjb6 347 mRNAs ( Fig 1B) than treatment with only BMP4 (Fig 7) . Thus, these results suggest 348 that the increase in CX26+ vesicles is because of the upregulation of mRNA (Gjb2 and 349 Gjb6) and SB strongly promoted BMP4-mediated differentiation of CX26GJCs (Fig 7) . In the adherent culture that included TRIC feeder cells, we observed proliferation 359 of CX26GJCs ( Fig 5A) and long CX26-containing GJPs (Fig 5D) , similar to 360 observations when iPSCs were used [26] . Because the differentiated, aggregated cells 361 co-expressed CX30 and CX26 ( Fig 5E-H) , it is likely that some cells were cochlear 362 non-sensory cells containing CX26/CX30 GJPs that proliferated on the cochlear feeder 363 cells after isolation of CX26+ vesicles.
364
When BMP4 was present in the SFEBq culture, the addition of SB appeared to 365 promote BMP4-mediated formation of CX26+ vesicles. After transferring the CX26+ 366 vesicles onto cochlear feeder cells, the lengths of the GJPs of the proliferated 367 CX26-expressing cells increased and the GJPs were observed to contain CX26/CX30.
368
These results indicate that the number of CX26GJCs increased in adherent culture due 369 to the increase in CX26+ vesicles by SB treatment. Therefore, we suggest that SB 370 promotes BMP4-mediated formation of CX26+ vesicles in SFEBq culture. Mechanical
